Life cycle assessment (LCA) is a method to analyze a particular product or service; from the beginning of the process it is extracted until it is no more in use or much to be known as 'cradle to grave analysis'. The LCA analysis includes collection of inventory that is all types of emissions and also waste products. After that, this inventory would be translated or transformed to show the impact on environment in the life cycle impact assessment (LCIA). Two LCIA methods has been accepted such as midpoint and endpoint approach. The EDIP 97 is a LCIA method which uses midpoint approach. From the analysis done on the two stages, life cycle assessment for potable water production that is construction stage and production stage; it is found that production stage contributes the highest impact on acidification and euthrophication which is derived from the PAC production process. Whereas, the construction stage contributes two main impacts which are human toxicity (water) and chronic water ecotoxicity which are produced through the process of steel production.
INTRODUCTION
Impact assessment is used to identify significant potential environmental effect by using the results of life cycle impact analysis (LCIA). LCIA is very different from other techniques such as environment impact assessment (EIA) and risk assessment because the approach uses functional unit. LCIA comprises four elements namely: the classification, characterization, normalization and weighting where normalization and weighting are the optional elements (Koroneos et al., 2005) . According to Jolliet et al. 2003) , the classification of LCI due to the impact categories is through the impact pathway which begins from LCI results until the end-point. The explanation on impact pathway is also touched in ISO where: 'LCI results are classified into the impact categories and category indicators that can be stated in any LCI results (mid) with the end-point category'. In accordance with the aforementioned explanation, two approaches were developed to explain the inter-*Corresponding author. E-mail: amirhamzah5@yahoo.com. connection of the LCI results with the environmental impacts via mid-points or end-points approaches (Heijungs et al., 2003; Jolliet et al., 2003 Jolliet et al., , 2004 Soares et al., 2006; Sleeswijk et al., 2008; Ortiz et al., 2009 ). According to Bare et al. (2000) , the main difference between both models is the methodology how category indicators are presented to translate the achieved impact categories. Figure 1 explains the impact pathway beginning from LCI results until the end-point.
The emission of ozone depletion gasses is used as an example for the characterization of ozone depletion gasses that can be conducted either until mid-point or end-point. Impact in mid-point is the ozone layer depletion and impact in the end-point is the protected area involving human health, natural biotic environment and manmade environment.
Midpoint approach
The LCIA mid-point approach is also known as problemoriented approach (Dreyer et or classical impact assessment method (Jolliet et al., 2003 . The term mid-point refers to the category indicator for each impact category which is expressed in the mid pathway of impact between LCI results and endpoint (Josa et al., 2007) . Mid-point translates the category impact into real phenomenon for example climate change, acidification and aquatic toxicity (Sleeswijk et al., 2008) . Examples of methodology that were developed using the midpoint approach are CML 2001 (Dreyer et al., 2003; Heijung et al., 2003) , EDIP 97 and TRACI .
Endpoint approach
The end-point LCIA methodology is also known as damage-oriented approach (Dreyer et al., 2003) . Endpoint approach according to Heijungs et al. (2003) is the elements inside the impact pathway that consists of independent value for society. The term 'end-point' refers to the category indicator for each impact category located at the end of impact pathway as in Figure 1 . End-point indicator translates the category impact based on the area of protection such as human health, natural environmental quality, natural resources and human made environment (Bare and Gloria, 2008) . Examples of end-point methodology are Eco-indicator 95 and 99, EPS 92, 96 and 2000 and LIME 2003 (Pennington et al., 2004 . According to Reap et al. (2008) , there are several factors affecting the level of confidence and suitability of LCA research results which include option of LCIA methodology either using the mid-point or end-point approach. Reap et al. (2008) mentioned that end-point impact category is less comprehensive and posseses higher level of uncertainty compared to mid-point impact category. Nevertheless mid-point impact category is difficult to be interpreted especially in the process of decision making because the mid-point impact category is not directly correlated with the area of protection (that is damage to human health, ecosystem quality and resource depletion) which is practised by the end-point.
METHODOLOGY OF LCA
There are four main phases in LCA as suggested in ISO 14040 series:
i) Goal and scope definition (ISO 14040).
ii) Life cycle inventory (LCI) (ISO 14041). iii) Life cycle impact assessment (LCIA) (ISO 14042). iv) Life cycle assessment and interpretation (LCAI) (ISO 14043).
Goal and scope definition
In goal definition and scoping, the use of the results was identified, the scope of the study is stated, the functional unit is defined, and a strategy and procedures for data collection and data quality assurance were established.
Objectives
The aim of this research is to obtain a clear picture of the potential impact developed from the potable production, whereby two stages are involved that is production stage and construction stage using LCIA method which is the EDIP 97 method. This research also identifies the impact which is greatly exposed by using normalization and weighting procedures so that the suggestion for mitigation can be made.
Functional unit
Functional unit is quantified performance a product system uses as a reference unit in a life cycle assessment study (ISO14000 2000) . A constant value must be created to make the comparison (Miettinen and Hamalainen, 1997) . Functional unit for this study is the production of 1 m 3 of treated water a day that fits the standard quality set by Ministry of Health, Malaysia.
Description of the system under study
There are two stages which became the basis of comparison for this study namely: production and construction stage.
Production stage: Raw water extracted from rivers will go through the following process in the water treatment plant (Sastry, 1996) : i) Screening, to remove floating big sized rubbish on the surface of the water. ii) Coagulation and flocculation, coagulation process is a process of forming particles called floc. Coagulant needs to be added to form floc. The coagulants that are normally used include aluminium sulphate, ferric sulphate and ferric chloride. Tiny flocs will in turn attract each other while at the same time pulling the dissolved organic material and particulate to combine, forming a big flocculant particle. This process is called flocculation. iii) Settling, aggregated flocs settle on the base of the settler. The accumulation of floc settlement is called settling sludge. iv) Filtration, part of the suspended matter that did not settle goes through filtration. Water passing through filtration consisting of sand layers and activated carbon or anthracite coal. v) Disinfection process is needed to eliminate the pathogen organisms that remain after filtration. Among the chemicals used for the disinfection are chlorine, chloramines, chlorine dioxide, ozone and UV radiation.
Construction stage:
The main building materials used for water treatment plant building are concrete and steel. Concrete is a type of composite material which is usually used in construction. It is a combination of the following:
The quality of the concrete which is produced depends on the quality of the raw materials that are being used such as cement, coarse aggregate and water, rate of mixing, the method of mixing, transportation and compression methods. If the raw materials used were not of quality, the concrete produced will have low quality and caused the concrete to be weak and does not fulfill the fixed specifications. So, concrete technology warrants all the materials that will be used should be tested first and certified through fixed standardizations, before being used in construction works, steel increases the tensile strength of the concrete structure. Reinforcement steel functions to increase the tensility strength of the concrete structure. Types of reinforcement steel that are used are as follows: i) Mild steel reinforcement/mild steel. ii) Reinforcement steel with high tensility. iii) Fabric steel (fabric).
The steel provided are 12 m long, with diameter of 6, 8, 10, 12, 16, 20, 22, 25 and 32 mm. The reinforcement steel will be cut and moulded according to the concrete structure design. Reinforcement steel with high tensility is used as the backbone concrete structure because it has high strength. Mild steel reinforcement is usually in fixation for reinforcement steel with high tensility where high tensility is not needed; high tension where high force not needed. Fabric steel (fabric) is used in a wide concrete surface area such as floor; it comes in sizes of 2.4 × 1.8 m with steel diameter 4 to 12 mm and distance between each steel rods are different based on types of fabric. Reinforcement steed that is used should be free from any dirt and rust, so it has to be protected from water and humidity.
Life cycle inventory (LCI)
The inventory of the studied LCA system includes information on the input and output (environmental exchanges) for all the process within the boundaries of the product system ( Figure 2 ). The inventory is a long list of material and energy requirements, products and coproducts as well as wastes. This list is referred to as the material and energy balance, the inventory table, or the eco-balance of the product (Guinée, 2002) . This LCA study is a streamlined LCA where background data for electricity, chemicals and transport using database contained in the Jemaipro and Simapro 7 software. Foreground data collected from the treatment plant are ( 
Life cycle impact assessment (LCIA)
The LCIA method used for this study is EDIP 97 where this approach uses midpoint which covers emissionrelated impacts, resource use and working environment impacts (Wenzel et al., 1997; Hauschild and Wenzel, 1998) , the normalization is based on person equivalent whilst weighting is set to political reduction target to environmental impacts, supply horizon for resources and working environment impacts. Model of ecotoxicity and human toxicity have been simplified with key-property approach, that is a features 'fate' which is the most important included in easy module framework that 5662 Sci. Res. Essays Dreyer et al. (2003) . For general information, EDIP 2003 is an update version to the EDIP 97 approach which attempts to expand the impact area until it become closer to the damage-oriented approach (Potting et al., 2006) . Effort was carried out to investigate the possibility to be included in the exposure to life cycle assessment of non-global impact categories such as acidification, ecotoxicity, smog, nutrient enrichment, human toxicity and noise. Generally, there are 3 steps in LCIA:
i) Classification and characterization, ii) Normalization, and iii) Weighting.
Classification and characterization
Classification is an inventory collection process from life cycle to several impact categories (Moberg et al., 2005) , while characterization according to Bovea and Gallardo (2006) is a type of summation of 'life cycle inventory' for every element under same impact category. The summation of every element using characterization factor and summation value then recognized as category indicator (Ntiamoah and Afrane, 2008 Inventory data × characterization factor = category indicator.
Characterization for construction stage:
In the EDIP 97, 16 types of impacts were identified as the main ones. Based on Table 2 , it is found that all the 16 impacts are dominated by the process of steel production that is the contribution is more than 50%. In the process of steel production, the impacts that contribute more than 70% are the bulk waste (74%), slag/ashes (81%), global warming (88%), ecotoxicity water chronic (91%), euthrophication (92%), acidification (95%), human toxicity soil (96%), resources (97%), photochemical (99.4%) and human toxicity water (99.7%). Although a lot of impacts have been produced from the process of steel production, there still exist large quantities of impacts which are more than 10% in the process of cement production and tap water. For example, in the process of producing cement, the impact more than 10% is global warming (10.6%), ozone (23.1%), ecotoxicity water acute (23.1%), ecotoxicity soil chronic (25%) and bulk waste (22%). However, in the process of producing tap water, the impact is 21% at ozone impact category and 10% for the ecotoxicity soil chronic. The process of producing gravel, sand and electricity contributes less than 5% impacts. In the process of producing building materials and electricity, no radioactive waste impact is produced.
Characterization for production stage:
From the analysis done (Table 3) , two chemicals and electricity tend to dominate the contribution of impact that is more than 70%. The process of electricity production seems to contribute much impact such as global warming (93.4%), photochemical smog (76.1%), ecotoxicity (water) chronic (69.2%), ecotoxicity (water) acute (72.3%), ecotoxicity (soil) (98.3%), human toxicity (water) (89%), human toxicity (soil) (96%) and resources (96%). PAC production contributes to almost 100% in three impacts that are acidification (99.7%), euthrophication (99.6%) and human toxicity (air) (98.2%). However, the process of producing chlorine contributes to 100% bulk waste. Apart from that, the process of producing 'alum' is more than 47% at the ozone impact. The process of producing other chemicals such as lime and chlorine is found to contribute very less impact as listed. Anyway, it is found that three impacts were not found in all chemicals and electricity, that is hazardous waste, radioactive waste and slags/ashes.
Normalization
According to Mangena and Brent (2006) , normalization enables the impact categories to be distinguished. There are two reasons why normalization is conducted, first is to identify the impact categories that should give mere attention and second, to obtain the magnitude of environmental degradation produced during the life cycle of the product (Goedkoop et al., 2007) . Normalization is determined based on the formula shown as follows (Pennington et al., 2004) :
Where: k = Impact category. N = Normalisation indicator.
S = Category indicator (from characterization). R = Reference value.
Normalization for construction stage: From the analysis, four impacts are clearly exhibited that is above 0.01 level (Figure 3 ). The impacts mentioned are global warming, ecotoxicity water chronic, human toxicity (air), human toxicity (water) and human toxicity (soil). If arranged based on ranking, the impact of human toxicity (water) is the first (0.047), ecotoxicity water chronic (0.018) at second place and human toxicity (soil) (0.015) is ranked at third place. In general, steel production contributes highest score to most of the impacts after normalization.
Normalization for production stage: For the production stage, only three impacts seems to be higher in comparison to others that is the acidification (first ranking at 2.085 value), euthrophication (second ranking at 0.691 value) and human toxicity (air) (third ranking at 0.145 value) (Figure 4 ). All the three impacts, almost 100% contributed from the process of PAC production. However, at the fourth ranking (human toxicity soil) and fifth ranking (global warming), the contribution was almost 100% through the process of electricity generation.
Weighting
Weighting is conducted by multiplying category indicator with weighting factor and summed to get the score (Bovea and Gallardo, 2006) . Since this method is not damage oriented, therefore the value of weighting is not summed (sum is based on the same damage category) 5664 Sci. Res. Essays to obtain single score in order to compare with the other damage category. Weighting is determined based on formula as in Pennington et al. (2004) :
Where: k = Impact category. EI = Indicator to all environmental impact. V = Weighting factor. N = Normalisation indicator. S = Category indicator (from characterization).
Weighting factors for EDIP 07 can be referred in Table 4 .
Weighting for construction stage and production stage: Referring to Figures 5 and 6 , the characteristics of the impacts are contributed from the process of producing PAC.
Life cycle assessment and interpretation (LCAI)
Three main impacts that exist in the construction stage that are human toxicity (water), ecotoxicity water chronic and human toxicity (soil). Table 5 shows the contribution of inventory to human toxicity (water) from building materials and electricity. From the list of inventory, it clearly shows that dioxins contributes the highest (70%) followed by mercury (25%) in the production of steel. Generally, the building materials and electricity which were analysed contributes to human toxicity (water) is mercury (cement -59%, gravel -58%, sand -58%, tap water -70% and electricity -76%). Similarly, the impact on human toxicity (water) dioxins is the main substance which contributes to ecotoxicity water chronic from the processes of producing steel (63%) ( Table 6 ). However, in the process of producing other building materials, the ecotoxicity category water chronic is contributed by contribute to impact are nitrogen oxides, sulphur oxides and benzene. The process of producing PAC found to contribute the highest in the three impacts are acidification euthrophication and human toxicity (air). Sulfide oxides (59%) and nitrogen oxides (41%) are the main materials which contribute to acidification in the process of producing PAC (Table 9 ). Sulfur oxides are the main material which contributes to Alum -94.5%, lime -70% and chlorine -70%. However the process of electricity generation contributes to the highest nitrogen oxides (80%). For the euthrophication, PAC contributes 100% nitrogen oxides. It is the same as chemicals and electricity. The contribution of nitrogen oxides is very high that is above 87% compared to the other substances. The same goes to euthrophication, PAC contributes almost 100% nitrogen oxides compared to other materials (Table 10) .
CONCLUSION AND RECOMMENDATION
The production of clean drinking water gives impact to the environment whether at the construction or production stage. The impact on production stage is greater than construction stage. At the production stage, the weakness detected is the use of PAC as coagulant agent. In the process of producing PAC, it produces nitrogen oxides and sulphur oxides which contribute to three types of impacts that are acidification, euthrophication and human toxicity (air). Alum is an alternative to this problem. Alum is a substance than can be used to replace PAC. Earlier research shows alum is much better because the impact produced is minimum (Amir et al., 2008 (Amir et al., , 2009 ). The three impacts can be solved if PAC is used to replace alum. Although the impact from the construction stage is less in comparison to production stage, there are still a few problems in the production of building materials. The process of producing steel gives a greater impact. The process of producing steels contributes to the impact to human toxicity (water), ecotoxicity water chronic and human toxicity (soil). Now, the latest idea is to replace the reinforcement steel with fibre reinforced plastics (FRPs). These materials, which consist of glass, carbon or aramid fibres set in a suitable resin to form a rod or grid, are well accepted in the aerospace and automotive industries and should provide high durable concrete reinforcement (Clarke, 1998) . However, before this alternative becomes (more environmental-friendly) or at par with the quality of steel, it should undergo LCA analysis.
